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Electronic Assembly for Switching Electric Power 
Description 

5 Background of the Invention 

The invention relates to an electronic assembly for switching electric power. Such elec- 
tronic assemblies may, for example, be designed as half-bridge circuit to be employed for 
the realisation of inverters or frequency converters in the most different fields of applica- 
tion. This includes the operation of synchronous machines, asynchronous machines, 

10 reluctance machines, permanent field machines, or the like, as well as motors and gen- 
erators (see e. g. DE-A-40 27 969 or DE-A-42 30 510). 

State of the Art 

In the state of the art it is known to operate electrical machines, in particular alternating 
is field machines, with so-called frequency converters. Generally, these frequency converters 
include half-bridge arrangements whose number corresponds to the number of phases of 
the electrical machine, which are supplied with control signals from a control electronics 
circuit. Depending on whether the electrical machine is operated as a motor or a genera- 
tor, the electric power is supplied to the electrical machine either for the desired speed or 
20 the desired torque, or the electric power is taken from the electrical machine and con- 
verted into the desired amount and phase position. 

In particular with high-speed switching frequency converters or inverters, high overshoot 
or undershoot glitch voltage peaks occur at the switching edges of the supplied or with- 
25 drawn electric power. Because of the occurring overvoltage glitches, the dielectric 

strength of the semiconductor switches employed in the electronic assembly has to be 
considerably higher than their operating dielectric strength. This increases the costs of the 
assembly significantly. 

30 Problem on which the Invention is Based 

The invention is therefore based on the problem to provide an electronic assembly for 
switching electric power which may be manufactured economically and is of compact 
construction so that it may also be employed for mobile applications (e. g. in the automo- 
tive field). 

35 



Inventive Solution 

For the solution the invention provides an electronic assembly for switching electric pow- 
er, comprising two spaced power supply buses between which semiconductor switches for 
providing the electric power, which are to be driven by means of a control input, are 

5 arranged at a power output. A capacitor arrangement which bridges the two power sup- 
ply buses extends at least partially over the length of the power supply buses. Two con- 
tact layers originating from one each of the power supply buses, which at least partially 
cover the capacitor arrangement, comprise free end portions which mutually project one 
another towards the respective other one of the power supply buses. The two contact 

10 layers have a freely accessible contact area each which is adapted for contact making 
with correspondingly configured power terminals. 

Inventive Advantages and Embodiments 

Through the inventive construction of the electronic assembly a particularly compact 
15 arrangement is achieved which enables a packing density which is not comparable with 
the previous solutions. Moreover, voltage pulse peaks even in switching with pulse dura- 
tions ranging from 10 to 1000 ns and high switching capacities in the range of several 
tens Watts up to several kilowatts are significantly minimised. This results in a significant- 
ly increased interference immunity. The power carrying lines to/from the semiconductor 
20 switches of the capacitor arrangements acting as a back-up capacitor of the inventive 
arrangement are of a very low inductance. Another important aspect of the invention is 
the modular construction which allows an uncomplicated extension and adaptation of the 
electronic assembly to the respective requirements. 

25 Due to the fact that the capacitor arrangement is positioned spatially and electrically very 
close to the contact areas, on the one hand, and, on the other hand, spatially and electri- 
cally very close to the semiconductor switches, there are no line portions which would 
cause considerable interfering inductive portions. This allows the realisation of very short 
switching times. These short switching times are further favoured in that with several 

30 inventive assemblies arranged adjacent to one another, the capacitor arrangements and 
low line inductances of an assembly contribute in preventing any interference pulses of 
neighbouring assemblies. 

The contact layers may have a common covering zone in which they are separated from 
35 one another by an insulation. Preferably, the two contact layers have contact areas each 
which are spaced from one another essentially in the direction of the longitudinal exten- 



sion of the power supply buses. Further, the two power supply buses may be arranged 
essentially parallel to one another. 

The semiconductor switches which are arranged between the two power supply buses 
5 may be arranged on a substrate which is preferably adapted for contact making with a 
cooling device. 

The power output may comprise a busbar which is arranged between the two power 
supply buses. 

10 

In a preferred embodiment the semiconductor switches are formed by high-speed switch- 
ing low-loss field effect transistors (FETs) or by high-speed switching low-loss bipolar 
transistors with insulated gate terminals (IGBTs). In particular, MOSFETs with integrated 
free-wheeling diodes or with additional external free-wheeling diodes which are connect- 
15 ed in parallel with the transistors may be employed. These external free-wheeling diodes 
are preferably arranged in the same manner as the semiconductor switches and in their 
immediate vicinity at one of the conductor rails. 

The two power supply buses and the busbar may be mechanically firmly connected with 
20 each other by an electrically insulating circuit board or the substrate. Alternatively, the 
power supply buses and the busbar may be mechanically firmly connected with each 
other by electrically insulating lands which are arranged between the individual buses. 
The circuit board or the substrate may also serve to accommodate printed conductors for 
supplying control signals to the semiconductors or for accommodating further active or 
25 passive components, or for bringing out test or measuring points from the assembly. The 
circuit board or the substrate, respectively, may also serve to accommodate connecting 
lines between the respective control inputs of the semiconductor switches and the termi- 
nal for the connection with the driving means. 

30 If the arrangement comprises a circuit board this may be provided with recesses which 

are dimensioned in such a manner that the semiconductors (transistors and diodes) which 
are directly applied on the conductor rails or the substrate are exposed at least with their 
contact areas, i. e. that they are not covered by the circuit board. This brings about that 
the effective height of the semiconductors and the circuit board do not add up. Rather, 

35 they are connected with the conductor rails at least with some of their connection points 
directly and on the same level. The circuit board thus serves both for the mechanical 
connection of the conductor rails with each other and for the electric line routing. 



The connection of the printed conductors arranged on the circuit board or the substrate, 
or the power supply buses or the busbar, respectively, with the contact making points of 
the semiconductors is made by plane contact sheets which are angled, if required, for a 
height compensation or a lateral compensation, or by contact straps made from sheet 
metal. The contact sheets or straps are soldered or welded to the printed conductors or 
the power supply buses, respectively, or the busbar, on the one hand, and the contact 
making points of the semiconductors, on the other hand. In the case of the semiconduc- 
tors, in particular those with large plane contact making points are used which have a 
coating of noble metal (preferably gold or silver-palladium, or the like). 

Contrary to other connecting techniques such as bonding, this approach involves lower 
stresses on the individual semiconductors and is less susceptible to failures so that a 
lower reject rate is achievable. Moreover, the contact sheets may be designed so as to be 
more space saving and low-resistance. Insofar, this connecting technique contributes in a 
synergistic manner to the overall concept for providing an electronic assembly for switch- 
ing electric power, which may be manufactured economically and is of compact construc- 
tion. The contact sheets which are configured in this manner also prevent the interfering 
inductive coatings in the connections between the printed conductors or the power supply 
bars, respectively, or the busbar, on the one hand, and the contact making points of the 
semiconductors, on the other hand. Nevertheless, this type of connection in an electronic 
assembly may also be employed independent of the above described concept of the 
power supply to an electronic assembly. Moreover, the connection between the two ends 
of the contacts sheets can be achieved here in a single soldering operation, while in 
bonding a plurality of individual bonding wires have to be joined at both of their ends 
with the respective contact making point. 

In a preferred embodiment of the invention the electrically insulating circuit board or the 
foil carries current-limiting resistors in the control lines for the semiconductor switches, 
with these (gate) resistors being provided between the respective control inputs and the 
terminal for the connection with the driving means. 

The electronic assembly may comprise at least two semiconductor switches which are 
connected in series under the formation of a half-bridge. Each of the semiconductor 
switches has a control input for the connection with a driving means. The first semicon- 
ductor switch has to be connected with its source terminal to a high voltage potential. 



t 



* 



The second semiconductor switch has to be connected with its drain terminal to a low 
voltage potential. 

For forming an output, the drain terminal of each first semiconductor switch is connected 
5 with the source terminal of the respective second semiconductor switch. At least one 
capacitor arrangement is arranged between the high and the low voltage potential. 

Respective first semiconductor switches are connected with their source terminal to a 
common first metallic conductor rail which is to be connected with the high voltage po- 

10 tential. Respective second semiconductor switches are connected with their source termi- 
nal to a common second metallic conductor rail which forms the output, with the second 
conductor rail being arranged spaced from and adjacent to the first conductor rail. Each 
second semiconductor switch is connected with its drain terminal to a common third 
metallic conductor rail which is to be connected with the low voltage potential and which 

15 is arranged spaced from and adjacent to the first and second conductor rail. 

The capacitor arrangement comprises a back-up capacitor which is connected with the 
first and the third conductor rail via terminals, which encompasses the first and the sec- 
ond semiconductor switch in such a manner that the semiconductor switches are located 
20 spatially between the corresponding conductor rails and the back-up capacitor. The con- 
trol input has a terminal for the connection with the driving means in the area of a first 
face of the conductor rails, and the output has a terminal for the connection with an 
electric load in the area of a second face of the second conductor rail, which is located 
opposite the first face. 

25 

The invention also relates to a power output stage of a driving means for a multiphase 
electrical machine in which one electronic assembly with the above characteristics is used 
for each phase, with the electronic assemblies being arranged at least along a portion of 
the circumference of the electrical machine. 

30 

Further characteristics, properties, advantages, and possible modifications will become 
apparent for those with skill in the art from the following description which refers to the 
accompanying drawing. 

35 Brief Description of the Drawing 

Fig. 1 illustrates a schematic circuit diagram of an electronic assembly which embodies 
the invention. 



Fig. 2 illustrates a schematic cross-sectional view of an inventive electronic assembly. 
Fig. 2a illustrates a partially schematic perspective exploded view from Fig. 2. 

5 

Fig. 3 illustrates a schematic plan view of an inventive electronic assembly according to 
Fig. 2. 

Fig. 4 illustrates a schematic plan view of several inventive electronic assemblies accord- 
10 ing to Fig. 2 or Fig. 3, respectively, which are connected together. 

Detailed Description of the Drawing 

The inventive electronic assembly illustrated in Fig. 1 is a half-bridge circuit 10 which 
comprises three pairs 12a, 12b, 12c of N-channel MOSFETs connected in parallel, each of 

15 which acting as a semiconductor switch. Two each of the MOSFETs 14, 22; 16, 24; 18, 26 
which form one pair each are connected in series. The first MOSFET 14; 16; 18 of each 
pair with its source terminal S lies on a high voltage potential V ss , and each second 
MOSFET 22; 24; 26 of each pair with its drain terminal D lies on a low potential V DD . For 
the formation of an output A the drain terminal of each of the first MOSFETs 14; 16; 18 

20 and the source terminal of each of the second MOSFETs 22; 24; 26 are connected with 
each other. 

One control input each El; E2 is provided for the group of the first MOSFETs 14; 16; 18 
or the group of the second MOSFETs 22; 24; 26, respectively, with the gate terminals G 

25 of the respective MOSFETs being driven via gate resistors 36; 38; 40 or 44; 46; 48, re- 
spectively. Each of the semiconductor switches which are configured as MOSFETs has a 
free-wheeling diode Di between its power terminals D, S, which as a so-called "body 
diode" is formed integrated with the respective semiconductor switch on the same semi- 
conductor element. Incidentally, separately provided diodes adjacent to the MOSFETs 

30 would also be arranged at the or adjacent to the first or second, respectively, conductor 
rail. 

Between the high and the low voltage potential V ss and V DD a back-up capacitor arrange- 
ment is arranged which is formed by individual back-up capacitors 52a, 52b, 52c which 
35 are connected in parallel. The configuration of the capacitor arrangement 52a, 52b, 52c is 
described in more detail further below. The respective MOSFET group is driven by a 



(pulse width modulated) control signal with a switching frequency of up to more than 
100 kHz. 

As shown in Fig. 2, the first MOSFETs 14; 16; 18 are electrically connected with the 
5 source terminal S to a common first metallic conductor rail 60 which is to be connected 
with the high voltage potential V ss . The cross-section of the conductor rail 60 is approxi- 
mately L-shaped, and it is made from copper or a similar material with good current and 
heat conductivity. The horizontal portion of the conductor rail 60, illustrated in Fig. 2, may 
also be realised by a correspondingly shaped contact pad on the substrate, for contacting 
10 the conductor rail 60 which in this case is rectangular with the source terminal S of the 
MOSFET 14 via a soldered joint. 

The second MOSFETs 22; 24; 26 are electrically connected with their source terminal (S) 
to a common second metallic conductor rail 62 which forms the output A, with the second 
is conductor rail 62 being arranged spaced from the first conductor rail 60 and adjacent to 
it. The second conductor rail 62, too, has a cross-section of approximately rectangular or 
L-shape and is made from the same material as the first conductor rail 60. 

The second MOSFETs 22; 24; 26 with their drain terminals D each are connected with 
20 one or several connector plates or connector lands 80 which serve as contact plates to a 
common third metallic conductor rail 66 which is to be connected with the low voltage 
potential V DD , with the third conductor rail 66 being arranged spaced from the second 
conductor rail 62 and adjacent to it. 

25 The first MOSFETs 14; 16; 18 are connected in a similar manner as the second MOSFETs 
with their respective drain terminals D to the second conductor rail 62 via one or several 
connector plates or connector lands 82 which serve as contact plates. 

The capacitor arrangement 52 is soldered or welded to the first and third conductor rail to 
30 form block-shaped foil capacitors 52a ... 52c. The foil capacitors 52a ... 52c are arranged 
adjacent to one another along the conductor rails. The foil capacitors encompass the 
respective first and second semiconductor switches in such a manner that the semicon- 
ductor switches are spatially located between the corresponding conductor rails and the 
respective foil capacitor. 

35 

Fig. 2a shows the connector plates 80, 82 which are soldered or welded to the conductor 
rails 62, 66. For compensating the height difference between the top of the conductor 



rails and the semiconductor switches the connector plates 80, 82 are cranked. For each of 
the semiconductor switches 14 22 ... contact tags 80a, 82a are provided which at their 
free ends each have a lateral recess 88. A Z-shaped bent connection 96 to the gate ter- 
minal G of the semiconductor switches 14 22 ... extends into these recesses 88. The 
5 connection 96 provides a line to the gate resistors 36; 38; 40 or 44; 46; 48, respectively, 
which are also arranged on the circuit board 90 (see Fig. 1 or Fig. 2a, respectively) and 
which are formed as SMD (surface mounted device) components. This line, too, between 
the gate resistors and the control inputs G of the MOSFETs is realised by soldering or 
welding the connections 96 to the control inputs G of the MOSFETs or the circuit board 
10 90, respectively. 

Because Fig. 2a is a partially exploded view the broken-line arrows indicate the position of 
the individual components in their assembled condition. For the sake of clarity, not all 
components of the electronic assembly are illustrated. In particular, the layout of the 
15 printed conductors on the substrate 90 is not illustrated in detail. 

The semiconductor switches arranged between the two power supply buses are disposed 
on a substrate 90 which is provided with cooling rips 90' for contact making with a cooling 
device, for example, a fluid cooling means. 

20 

Contact layers 100, 102 made from copper sheet or a material with similar good conduc- 
tivity properties are soldered or welded to the top of the two outer conductor rails 60, 66 
(see Fig. 2) which serve as power supply buses. These contact layers 100, 102 encom- 
pass the respective side surfaces 52' and 52" of the capacitor arrangement 52a ... 52c. 
25 Each of the contact layer 100, 102 has free end portions 100 1 , 102 1 which mutually project 
one another towards the respective other one of the power supply buses (see Fig. 2). The 
two contact layers 100, 102 have a common covering zone 110 in which they are sepa- 
rated from one another by an insulating layer 112. 

30 As illustrated in Fig. 3, the two contact layers 100, 102 have an essentially rectangular 
contact area 120, 122 each in the area of the ends of the electronic assembly, which is 
freely accessible (from above) and adapted for contact making with correspondingly 
designed power terminals and spaced in the direction of the longitudinal extension of the 
power supply buses. For the purpose of rendering the contact layer 102 which is situated 

35 closer to the surface of the capacitor arrangement 52a ... 52c accessible for the corre- 
sponding power terminal, the insulating layer 112 and the contact layer 100 above it are 
correspondingly shortened. 



The area which is accessible from the outside (from above) between the two contact 
layers 120, 122 is covered by the folded-back insulating layer 112 (see Fig. 2 or 3, re- 
spectively). 

In order to provide a unit of a half-bridge assembly which may be manufactured and 
handled separately, the first, second, and third conductor rail 60, 62, 66 are mechanically 
firmly connected with each other by an electrically insulating circuit board 90. For this 
purpose, the circuit board 90 is firmly connected with the conductor rails. 

As can be seen from Fig. 3, the respective control inputs El, E2 to connecting lines be- 
tween the respective control inputs G of the semiconductor switches as well as some test 
pins at a connecting strip 76 at the circuit board 90 are brought out in the area of a first 
face 78 (Fig. 3 bottom) of the conductor rails 60, 62, 66 for the connection with a driving 
means, while the output A is brought out to a terminal 94 for the connection with an 
electric load in the area of a second face 92 of the second conductor rail 62, opposite the 
first face (Fig. 3 top). 

Fig. 4 shows a plan view in which several inventive electronic assemblies 10 according to 
Fig. 2 or Fig. 3, respectively, are connected together. These electronic assemblies 10 
which are connected together in this manner and are supplied with electric power via 
feeders Vss and Vdd, may be arranged along the circumference of a multiphase electrical 
machine, with one electronic assembly 10 being used for each phase of the electrical 
machine. 



